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(54) Method for installing a scrolled resilient sheet alongside the Inner surface of a fluid conduit 



(57) A scrolled resifient sheet (3) is instaned against 
the kvief aurlace (4) of a fluid oonduK (1) using a carrier 
tod (5) from wfiich a resilient sheet having an average 
thickness more than 2 mm and an elastic or pseudoe- 
lastic recoverable strain of at least 0.6% Is released so 
that the sheet eoqsands with an expanskxi forse which is 
sufficiently high to aflow the sheet to press itself into 
place atongskie the inner suriace of the conduit and to 
remain in place after installation. 
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Description 

packoround of the InvemiQQ 

[0001] The invention relates to a method for installing 
a saofled resilient sheet alongside the Inner surface of 
a fluid conduit. 

[0002] H is known from US patent specifications 
4,501 .327 and 5.040.283 to saoil a sheet around a car- 
riff tool and then move the carrier tool canyng the 
scrolled sheet through the conduit towaids a location 
where the resilient sheet is to be inslalled. whereupon 
the sheet is released from the carrier tool and alkywed to 
ttcpand towaids the inner surface of the conduit. 
[0003] US patent specTication 5.040.283 employs a 
sheet made of a memory metal which expands as a 
result of a temperature increasa A draMiack of this 
method is that memory metals are expensive and are 
not readily available in large sheets. 
[0004] US patent spedfcatkDn 4.501 .327 diseases 
the use of spring steel or aluminium as a resilient mate- 
rial, which materials have an elastic strain which is 
0.53% or less (02% for aluminium) and that a suitable 
tHckness tor the sheet material is appnwimately 3/64 
inch (-l^nwri). 

[0005] In this known method the resident material is 
pressed against the wait of the conduit wtien the carrier 
tool is pufled back through the expanded sheet. 
[0006] Drawbacks ol this Known method are thata rel- 
atively thin sheet material is used which can be easily 
damaged and whkrfi has a resiliency whk* is onty suff i- 
dent to unscfdl the sheet but whk:h does not induce the 
sheet to press itself into place alongskto the inner wall 
of the conduit so that a final pressing step is stiH 
requirad. 

[0007] It is believed that the kiwwaO thickness of the 
known aluminium or spring Steel sheets and the rela- 
tively taw expansion force are associated with the low 
eiastk: strain capacity of the materials used. 
[0008] Itisanobjectof thepreseminventksntoeDmi- 
nate these drawt)acks and to provide a method lor 
instalGng a scrolled resilient sheet atongside the inner 
surface of a fluid conduit which anows the use of a rela- 
tively thk* and robust sheet whwh is not easily dam- 
aged after installattan and whk:h does not require the 
step ol pressing the sheet atongside the wall of the con- 
duit by means of an expansion tool. 

f^ummarv of the Inventkyi 

[0009] Toward providinQ these and other advantages 
the method according to the present invention emptays 
a resilient sheet which has an average wafl thfckness of 
at least 2 nm and an elastic or pseudoelastk; recovera- 
ble strain of at least 0.6% so as to induce the scrolled 
sheet to expand with an expanston force which is suffi- 
ciently high to allow the sheet to press itself into place 
aton^e the inner surface of the conduit during instal- 



lation arri to remain in place after irtstailation. 
[001 0] When used in this spedlication the term elastic 
strain refers to the yield stress-Nbung's modulus ratio for 
materials which have a yield point like many cartxKi 
5 steels have, or the proof stress>>t3ung*s nwdulus ratio 
lor materials which do not have a yield point If the elas- 
tk: strain is expressed as a percentage then saki rations 
are to be multiplied by a factor of 100. 
[001 1 ] Preferably the rcsifient sheet has an average 
ro wall thk:kness of at least 3 mm and is made of a titanium 
alloy having an elastic modulus not more than 115.000 
MPa and a proof stress of at least 825 MPa. so that the 
elastic strain is more than 0.75%. 
10012] It is also prefened that the resilient sheet mate- 
15 rial has an average wall thidmss of at least 4 mmand 
is made of a ri-6AI-4V aHoy. 
10013] The sheet may be a rectangular sheet without 
perloratkm whKh is used to provide a seal or a patch of 
an area where the waQ of the conduit has been rup- 
20 tured. damaged or eroded Alternatively the fluid con- 
diit is fonned by an inftow region of a hydrocart)on 
productk)n well and the sheet is perforated at re^jlar 
inten/als and is installed aksngskle the inner surface of 
the welbore to serve as a wellscreen. 
25 [P014J If the sheet is to be scrolled to a very small 
diameter, for example if K is to be moved through oon- 
slrictfons in the conduit then H can be beneficial to use 
a pseudoelastfoaHoy as sheet material. Suitable pseu- 
doelastic aRoys are Th16V-3Al^ and TiNi. 

30 

P fi ft f Description of the Drawinos 

[0015] These and further features, objects and advan- 
tages of the method according to the invention will t>e 
35 more fuHy appreciated by reference to the following 
detailed desaption of a prefened embodiment of the 
tnventfon which should be read In conjunction with the 
aooonpanying drawings in which: 
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Fig. 1 is a schematfc skie elevatfonal view of a resa- 
lent Sheet whk:h is being placed inskSe a oonduft in 
the form of a vertical underground borehole: and 
Rg. 2 IS a skle view of an unscroOed resffient sheet 
wrtch comprises drcunferientiai slots so that the 
sheet can be used as a wellscreea 

Dfttfttled Oepftf iptkwi of thA Prirfiirrad Embodiment 



(q01 6] Referring now to Fig. 1 there is shown a vertical 
50 welfoore 1 traversing an underground formation 2 and a 
resilient sheet 3 whfoh is unscroUing itself against the 
wall 4 of the weltxirel. 

[0017] The sheet 3 has been lowered into the welbore 
1 using a earner tool 5 which is suspended on a wireline 

55 6. 

[001 81 The canier tool 5 and wireline 6 are shown in 
the drawing in dotted lines. 

[001 9] Before towering the carrier tool 5 into the well- 
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bore 1 the sheet 3 is saolied around Ihe tool 5 and fixed 
to the tocrf 5 using tack welds and/or clips. When the tool 
has an^ived at the location where the sheet 3 is to be 
installed the tack wekis and/or dips are released, tor 
exarrple using explosive devices wtvch shear off the 
tack wekfe and/or dips. 

[0020] The resilient she^ 3 has a thidciess of at least 
2 nin and an elastic strain of at least 0.6% which allows 
the sheet to devetop a Ngh expansion force so that it 
expands and presses itself into place against the wall 4 
of the weltxre 1 and to remain in place after installation 
even if the pore pressure of the surrounding formation 2 
is higher than the fluid pressure within the wellbore 1 . 
[0021] When seen in drcumferential directicn. the 
ands of the resfllent sheet 3 form flaps 7 where the 
sheet 3 has a reduced waO thickness. The drcumferen- 
tia) length of the sheet 3 will be chosen s&ghtty larger 
than the circumference of the wall 4 of the weftxxe 1 
such that the flaps 7 will at least partly ovedap if the 
radKentsheetd has been expanded against saklwaO 4. 
Thus the flaps 7 wil create a shut-off for leaks and win 
create a smooth and almost seannless internal bore of 
the expanded sheet 3. To improve the sealing a further 
slee/e (not shown} of cellular rubber may be ptaced out- 
side the outer flap 7. This sleeve shoiid be bonded 
along an axial Ur^ but rv3t around the circumference of 
the flap 7. This is because the rubber has to stretch on 
unsaolling. and must therefore slide over the flap 7 
which does not stretch. The interface may be lubrkaied. 
[0022] In the assembly shown in Rg. 1 the flaps 7 are 
not taken into account for determinatfon d the average 
wan thickness of the sheet 3. In accordance with the 
inventfon the average wall thickness of the sheet 3 is at 
least 2 mm whereas the waU tNckness of the flaps 7 
may be less than 2 mm. Thus, when used in this speci- 
ficatfon. the term average wall thkkness of the sheet 
denotes the wail thickness of any parte of the sheet 3 
other than the flaps 7 and locations where the sheet 3 is 
perforated. 

(00231 The maxinrwm average wall thickness T of a 
sheet 3 that wiD hiily elasticalty unsaoU can be esti- 
mated on the basis of the formula: 



m-T/OK Y/E 



where: 

d» 
D = 
Y- 



the scrolled diameter of the sheet 

the relaxed diameter of the sheet 

the yield or proof stress of the sheet material: 

and 

the elastic modulus of the sheet material. 



[0024] By virtue of its high elastk: stiain. viz. at least 
d.G% resulting from the oombinatfon of low elastk; or 
Vbung's modulus (preferably not more than 115.000 
MPs) and high proof stress (preferably at least 825 
MPa) the sheet according to the invention can have 



larger wail thickness than conventional resiiients 
sheets. Trtanium alloys having an elastk: modulus less 
than 150.000 MPa are partkwiarty suitable tor use in the 
Sheet according to the inventfon. A Ti aD(y grade 5 

5 sheet having an average waB thickness of 4 mm can be 
used tor a r (17.5mm) casing repa^. A ri-22V-4AI aHcy 
sheet having an elastic modulus of 82 MPa and thermo- 
mechanically processed to achie/e a proof stress of 720 
MPa or greater can be used for the same repair with an 

10 average waO thickness of 5 mm. 

[0025] Further, some metastable beta-titanium alloys 
such as Ti-16V-3AI-6Zr with appropriate thermome- 
chanical processing exhbit pseudoelastictty to an 
extent that would permit an average wall thickness 

15 betv^ 11 and 13 mm. Tiisi would permH even greater 
waB tficKness. These pseudoelastfo aDcys can also be 
used to permit scrdfing to a smaller cfiameter when the 
sheet has an aveiage wall thickness d several milfime- 
tree to alfow installatfon through constrictions, such as 

20 through-tubing operations in an oil or gas productfon 
well. 

[0026] The large average wan thickness of the sheet 3 
is not only useful for creating a robust saofl but also for 
ertfiandng the spring force with which the sheet 3 
ss unscrolls and presses ilseir against the wall 4 of the 
wellbore 1. 

[0027] Referring now to Rg. 2 there IS shown a view 
of an unscrofled sheet according to the irnfentton where 
the sheet forms a weU saeen 10 which contains efon- 

30 gate drcumferential stols 11 that are ananged in sub- 
stantially parallel rows both axiaDy and drcumferentialty 
aaoss the screen 10. with no stagger between the rows 
of slots. The perforations are also tapered (not shown) 
in radial direction so that the smallest wWth of the perto- 

55 ratfons is tocated at the outer surlace of the sheet when 
the sheet is scrolled. 

[0028] Thetaperedshapeof the sfots 11 serves to 
avoid that sand partfoles which may enter the sfots 11 
could become stuck partway in the slots 1 1 . 

40 [0029] Circumferential unstaggered slots 11 are pro- 
fen-ed to holes or non-drcumferential slots because the 
operatkxi of saoCling and unsaolling can be performed 
with ninimal stress ooncenfratiorw in the screen nwte- 
rial. while retaining maximum spring force, strength and 

45 Stiffness. 

[0030] The soolled wellsaeen shown in Fig. 2 can 
also be covered, preferably at the outer surface, with fil- 
ter material. OptionaBy the filter material can be sepa- 
rated from the surface of the saeen 10 by a drainage 
50 layer, tor exanple coarse woven wire, so that the fluid 
passing through the filter layer not inrinediate opposite a 
slot 11 in the scroll can flow to the stot 11 through the 
drainage layer. 

[0031 ] The filter and drainage layers can be made of 
55 sadled sheets o1 filter and drainage nwterial which sur- 
rourri the saeen 10. T^e sheets of the saeen 10 and of 
the filter and drainage layers can be provkfod with end 
flaps where the sheet has reduced thicfoiess in the 
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same way as shown in Ftg. 1 in order to create a seam- 
less screen when the assembly of the screen 10 and 
surrounding filter and drainage layers unscrdls itseff 
against the wetlbore or peilbrated production Knar, l^e s. 
wellsaeen can thus press itself directly against the well- 5 
t)ore or perforated production liner, without an interven- 
ing annulus. thus obviating the need for gravel packing, 
thereby reducing the risk of erosion and stabiliztng the 
formation. 

[0032] If desired, the osrertapping ends of the sheet or 10 6. 
screen may t)e maintained in a fixed position relative to 
each other once the sheet has been expanded and 
installed witNn the conduit or wellbore. This may be 
achieved l>y welding or txyxfing the ends to each ether, 
or by piovWing the overlapping ends with axial locking is 7. 
grooves or with ratchet profles that altow unsoroQing but 
prevent rMCfDifing of the sheet or screen. 

Claims ^ 

20 

1. A method for installing a saoOed resilient sheet 

atongside the inner surface of a flukJ corxluit the 9. 
method comprising the steps of : 

- saoSng the resflient sheet and securing the 25 

• ecroOed sheet to a carrier tod such that the 
carrier tool carrying the scroHed sheet can be 
moved through the oonduH; 

• nwing the carrier tool to a location in the oon- 
dUt where the resilient sheet is to be installed; 30 
and 

• releasing the resilient sheet from the carrier 
tool thereby allowing the resilient sheet to 
e3q>and towards the inner surface of the con- 
duit ^ 



vals and is instaned alongside the inner surface of 
the wellbore to serve as a wellscreen. 

The method of claim 4. wherein the perforations 
consist of elongate circumferential slots wtitch are 
arranged in substantially parallel rows both axially 
and drcumferentially across the sheet, with no 
stagger between the rows of sfots. 

The method of daim 4, wherein the perforatior^ are 
tapered in radial directfon such that the snnallest 
width of theperforatfons is located at the outer sur- 
face of the saoiled resilient sheet. 

The method of daim 1, wherein the resilient sheet 
has a thickness of at least 5 mm and Is made of a 
peeudoelastx: alloy. 

The method of daim 7. wherein the aOoy is solut'on- 
treated Ti-16V-3Ah6Zr. 

The method of daim 7. wherein the alloy is TlNi. 



wherein the resilient sheet has an average wan 
thicloie8Sofattea6t2mmandan elastfo strain or a 
pseudoelastic recovefsble strain of at least 0.6% so 
as to inckice the sorolled sheet to expand with an 40 
expansion force which is suffidently high to aDow 
the sheet to press itself into place alongside the 
inner surface of the conduit during installation and 
to remain in place after instaDatfon. 

45 

2. The method of daim 1 . wherein the resilient sheet 
has an average wall thickness of at least 3 mm and 
is made of a titanium alloy having an elastic modu- 
lus not more than 115.000 MPa and a proof stress 
of at least 825 MPa. so 



3. The method of daim 2. wherein the resilient sheet 
material has an average wall tNckness of at least 4 
rmi and is made of a Th6AI^V aHoy. 

4. The mettxxJ of claim 1 . wherein the fluid conduH is 
formed by an inflow region of hydrocaitoon proAiC- 
tion well and the sheet is perforated at regular inter- 
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